Objectives: To investigate differences in management and outcomes for patients admitted to the hospital with TIA according to care on a stroke unit (SU) or alternate ward setting up to 180 days post event.
Management in a stroke unit (SU) is recommended for patients with acute stroke, 1 reducing the odds of death or dependency by more than 20% compared to alternate wards. 2 SU care involves management by clinicians with specialist training and expertise in stroke 3 who provide greater access to evidence-based care including acute interventions and secondary prevention. 4 In alternate wards, patients are managed by a range of health professionals who may not have specific expertise in stroke or TIA.
Data are limited regarding the ideal care pathway for patients with TIA once a decision has been made to admit them to the hospital. [5] [6] [7] [8] Recent findings from 15 hospitals contributing to a German registry provided evidence that management in an SU was associated with reduced risk of stroke or death at 90 days only in men with TIA. 5 In Australia, declining trends in the 90-day risk of stroke were observed in patients with an incident TIA if managed in hospitals with an SU. 8 It remains unclear whether patients with TIA have any longer-term benefits associated with management in an SU. To investigate this, we used data obtained prospectively by clinicians or directly from patients or outcome assessors from the Australian Stroke Clinical Registry (AuSCR). 9 We hypothesized that, among patients hospitalized for TIA, management in an SU would be associated with (1) fewer deaths within 180 days, and (2) greater utilization of evidence-based processes of care, when compared to management in an alternate ward.
METHODS Patient population and procedures. The
AuSCR was established in 2009 to routinely monitor processes of care and health outcomes between 90 and 180 days after symptom onset on consecutive, hospitalized cases of stroke or TIA (see protocol 9 and www.auscr.com.au). The AuSCR provides a minimum national dataset of process of care indicators that can be used to provide an assessment of differences in the quality of care and outcome of patients with TIA. Briefly, the AuSCR adheres to the Australian guidelines for best practice in clinical quality registries. 10 The current analysis incorporates data from all 40 hospitals that contributed data during the period 2010-2013.
Within the AuSCR, TIA is defined using clinical criteria based on an adaption of the more classic epidemiologic approach as a definitive or probable diagnosis at the time of discharge from hospital that is compatible with a TIA using symptoms of neurologic deficits (persisting for ,24 hours from onset) and/or neuroimaging evidence (no abnormalities detected). ICD-10 primary discharge codes are also obtained but were not used to classify patients in this study since coding is undertaken by administrative staff and not clinicians within Australia. All clinical staff who collect and enter the AuSCR data are provided with standardized training and a data dictionary. Random audits of medical records are also undertaken by external auditors to verify the quality of the AuSCR data including clinical diagnosis and additional training provided, if needed. 9 The processes of care collected in the AuSCR by all hospitals include the following: management on an SU; treatment with IV tissue plasminogen activator if an ischemic stroke; provision of an antihypertensive agent at discharge; and provision of a discharge care plan developed with the patient or family. In hospitals located in one Australian state (Queensland), an additional 4 processes of care have been collected since 2012: mobilized during admission; aspirin administration within 48 hours; swallow assessment and formal speech pathologist review; and discharged on antithrombotic medications. Missing or unknown data were assumed to be negative for processes of care (ranged from 0% to 8%).
The AuSCR protocol incorporates an "opt-out" approach whereby all eligible cases are registered unless the patient or family nominates to have their data excluded via simple, cost-free options (free-call telephone number or postage-paid). This approach ensures that selection bias is minimized. 11 To date, ,3% of participants have opted out of the AuSCR.
Patients who were discharged from the participating hospitals, and who had not refused follow-up or had not opted out of the registry, were followed up centrally by trained research staff between 90 and 180 days after symptom onset. A modified Dillman protocol was used, whereby 2 attempts by post were made before an attempt by telephone. Although multiple episodes of care are registered in the AuSCR, patients were only followed up after their first episode. 9 At follow-up, data on health-related quality of life (HRQoL) are collected using the EuroQoL-5 dimension-3 level (EQ-5D-3L) instrument. 12 Index-based values ("utilities") for the EQ-5D-3L have been reported using health values derived from discrete choice experiment methods in Australia. 13 A utility score of 0 corresponds to an HRQoL state equivalent to death, while a score of 1 represents perfect HRQoL. Patient report of subsequent readmission to hospital and stroke is also recorded.
Data linkage. Personal identifiers of all registrants in the
AuSCR were linked to the National Death Index (NDI) using probabilistic matching by the Australian Institute of Health and Welfare. For these analyses, mortality data in the NDI were used. We also report mortality to 90 days because this is common to other studies of TIA.
The socioeconomic status of participants was estimated using the Index of Relative Socio-economic Disadvantage (IRSD) provided by the Australian Bureau of Statistics. 14 Statistical analysis. Kruskal-Wallis tests and x 2 tests were used to assess differences in patient characteristics. Propensity score matching was used to isolate the influence of SU management and improve internal validity. A propensity score was calculated for all patients with TIA based on age, sex, and ability to walk on admission (as a marker of symptom severity/comorbidity at the time of admission to the hospital). 15 Each patient who did not receive treatment in an SU was matched to a similar patient with TIA who received treatment in an SU based on this propensity score, and then processes of care and outcomes were compared. Regression models for the analysis of outcomes using matched pairs were adjusted for age, sex, IRSD, ability to walk on admission, in-hospital TIA, history of stroke, and transfer from another hospital. Outcome data were analyzed by individual patient and not by episode. Cox proportional hazards regression analysis was conducted to assess rates of death within 90 and 180 days. Quantile regression analysis was also conducted to investigate differences in HRQoL utility scores. Random-effects logistic regression analysis was conducted to investigate rehospitalization and occurrence of stroke or recurrent TIA. To adjust for patient clustering by hospital, we used multilevel analyses for logistic regression analyses, but when using Cox and quantile regression, we adjusted for patient clustering directly. As a sensitivity analysis, regression analyses without propensity score matching were also undertaken. Data were analyzed using StataIC 12.1 (2013; StataCorp, College Station, TX).
RESULTS
Among the 3,007 registered episodes of TIA (median age 74 years, male 54%), 1,997 were admitted to an SU. Overall, patients with TIA were less often managed in an SU than patients with confirmed stroke (66% vs ischemic stroke 83%, p , 0.001), indicating that they more often received care elsewhere within a hospital. Patients treated in SUs were less disadvantaged, less often born in Australia, less often had an in-hospital event, and were more often discharged home than those not treated in SUs (table 1). In the subset of patients with TIA from Queensland hospitals, those treated in an SU were more often treated with aspirin within 48 hours of admission (73% vs 62%, p , 0.001) and were more often discharged on antithrombotic medication (84% vs 71%, p , 0.001) compared to those treated on an alternate ward (table 2) .
Few patients with TIA died in the hospital (n 5 5). Using the propensity score matched sample, the number of deaths at 90 and 180 days after admission were similarly low for patients with TIA who were and were not admitted to an SU (90 days: no SU care n 5 21 [2.2%] and SU care n 5 17 [1.8%]; 180 days: no SU care n 5 49 [5.2%] and SU care n 5 30 [3.2%]). In Cox proportional hazards regression analysis, there were no differences in the hazard of death at 90 days after admission for TIA between those who were and were not admitted to an SU (hazard ratio 0.66, 95% confidence interval 0.33-1.31; p 5 0.237) (table 3, figure) . However, patients with TIA who were managed in SUs had a reduced hazard of death at 180 days after admission (hazard ratio 0.57, 95% confidence interval 0.35-0.94; p 5 0.029) when compared to patients not admitted to an SU.
A greater proportion of patients with TIA treated in an SU completed a follow-up interview than those not treated in an SU (SU 59% vs 48%, p , 0.001). The median time to follow-up was 101 days (interquartile range 96-107). There was no statistical difference in the proportion reporting readmission to the hospital based on care setting (SU 22% vs non-SU 24%, p 5 0.432). Similarly, there were no detectable differences based on care setting in reports of new strokes since admission (8% in both groups, p 5 0.806). The median EQ-5D utility score was 0.79 for patients who were treated in an SU and 0.81 for those who were not treated in an SU. There were no detectable differences in these outcomes between groups after adjustment (table 4).
The results from the propensity score matching methods were robust. Results were similar when the full sample of 3,007 TIA patients were included in standard logistic regression multilevel models (e.g., difference in HRQoL b coefficient 0.03, 95% confidence interval 0.00-0.05; p 5 0.051), except that those managed in SUs were more often discharged on antihypertensive medications (70% vs 61%, p , 0.001). The hazard of death was similar after exclusion of TIAs that occurred while in the hospital for another condition and when adjusting for symptom onset to arrival time (see tables e-1 and e-2 on the Neurology ® Web site at Neurology.org).
DISCUSSION This is the largest reported study of outcomes after TIA according to the setting of management after admission to the hospital. Compared to alternate wards, treatment in an SU was associated with a 45% reduced cumulative hazard of death at 180 days, but no difference was observed at 90 days. Our results were comparable to studies of the benefits of rapid-access TIA clinics, 16-18 since our 90-day survival rates fell within their 95% confidence limits.
Our results may partly be explained by our low event rates. The proportion of patients in our study who reported having had a recurrent stroke at 90 to 180 days follow-up (8%) was less than that reported in a systematic review of 18 studies (average approximately 11% at 90 days, range 0.6%-20.6%) 19 but appeared to be greater than that reported from studies on the benefits of rapid-access TIA clinics, [16] [17] [18] including the Australian M3T model. 20 It is possible that a different case mix of patients may have contributed to this observed difference in outcome since Table 3 Survival analysis of patients with TIA based on treatment in stroke units patients seen in rapid-access TIA clinics tended to be younger (by up to 10 years) than in our hospitalized sample. Furthermore, the large proportion of patients with TIA in our sample who were unable to walk on admission suggests selection bias toward admission of those with more severe or persistent symptoms, and potentially greater comorbidity or frailty, both of which may be associated with greater incidence of subsequent events. A small proportion of patients with TIA were discharged to an aged care facility, and this was less often observed if they were managed in an SU. 4 This is consistent with the findings of another study in which patients with stroke receiving care in an SU were more often discharged directly home compared to those who received care on a general ward. It was anticipated that few patients with TIA would be discharged to aged care, but this is difficult for us to reconcile because the AuSCR does not collect preadmission residence and so we were unable to identify patients who were living in an aged care facility before their TIA. We observed that patients who were treated in an SU were less often disadvantaged than those who were not. However, we found no association between socioeconomic status and outcomes. Nevertheless, this may point to a disparity in health care delivery, which warrants further investigation.
Processes of care that are characteristic of SUs that potentially improve outcomes include delivery of more appropriate early secondary prevention, assessment for etiology, early management, and discharge care planning. 4 In this study, important processes of care, such as assessment of swallow function and hyperacute aspirin therapy, differed between those treated in an SU and those who were not. However, commencement of early secondary prevention before discharge was mixed. There was no difference in antihypertensive medication prescription at discharge between groups overall, but a difference was observed in the Queensland subgroup. When compared to patients with TIA managed in an alternate ward, patients with TIA who were managed in an SU were more often treated with antithrombotic medications, which is a potential explanatory factor for the observed difference in survival. However, the use of antithrombotic medication was only captured in hospitals in Queensland (58% of total AuSCR hospitals and 45% of all TIA episodes in AuSCR) and these patients may not be representative of all patients from hospitals using AuSCR. In addition, it remains unclear what happens in primary care or the outpatient setting post discharge, since only hospital discharge medications are captured in this study. It is possible that communication with primary care doctors or follow-up care is better for patients experiencing TIA who are treated in an SU than those who are not, potentially resulting in a longer-term survival advantage.
Of note, there are different models of care for patients with TIA in Australia. 21 Because of the milder symptoms associated with TIA, hospitals may have policies to admit these cases to short-stay units, protocol-based observation units, or outpatient clinics that provide a similar quality at a reduced cost to hospitals than using an admit-all approach. 22, 23 Patients with TIA who are admitted are likely to have different characteristics than patients with TIA seen in outpatient clinics. Several authors have developed algorithms to identify people with TIA who are at greatest risk of early stroke to help fast track the patients who require rapid investigation or admission to hospital. 24, 25 While some groups have demonstrated safe management of TIA without admission to the hospital, this is still a specialized alternative. 20 
Figure
Cumulative hazard of death to 180 days after TIA according to management in a stroke unit Adjusted for age, sex, place of birth, socioeconomic status, ability to walk on admission, inhospital TIA, history of stroke, and transfer from another hospital using a matched 1:1 cohort based on propensity score methods. Cumulative hazard is the number of events that would be expected for each individual in a group at a given time if the event were a repeated process. No. 5 1,890 (945 matched pairs). Abbreviations: CI 5 confidence interval; DCE 5 discrete choice experiment utilities determined by Viney et al. 13 ; EQ-5D-3L 5 EuroQoL-5 dimension-3 level instrument 12 ; OR 5 odds ratio unless otherwise stated. No. 5 914 (457 matched pairs) in analyses of rehospitalization and recurrent stroke/TIA; n 5 888 (444 matched pairs) in analysis of EQ-5D-3L DCE. Outcomes at 90-180 days. Adjusted for age, sex, place of birth, socioeconomic status, ability to walk on admission, in-hospital TIA, history of stroke, and transfer from another hospital using a matched 1:1 cohort based on propensity score methods. a Treated in a stroke unit vs not treated in a stroke unit (reference category).
Improving availability of specialized stroke care in Australia, and elsewhere, is likely to improve the management of patients hospitalized with TIA. Electronic clinical support tools may assist health professionals in providing appropriate outpatient care to patients with TIA in locations where access to specialists is limited. 26 The strengths of this study include the large sample size from all 40 hospitals participating in the AuSCR during the study period (21% of 195 hospitals known to admit people with acute stroke and TIA in Australia) 27 located in urban and rural locations, and the confirmation of death status in all patients using linked data from the NDI. In addition, appropriate statistical techniques for nonrandomized data, including propensity score matching, were used to maximize comparability between patients who were and were not managed in an SU. Therefore, the between-group imbalances in variables used to match are unlikely to account for these results. The results from this model were consistent with those found using standard analytic methods, thereby demonstrating the robustness of our findings.
There are some limitations to our study. In particular, there were limited covariates available in the AuSCR minimum dataset to use in the multivariable analyses, thereby raising the potential for residual confounding. For example, established prognostic factors such as hypertension, diabetes, TIA duration, and clinical symptoms were unavailable. One complexity that arises with this, or other standard multivariable statistical approaches, is that we cannot accurately account for unmeasured confounding factors. For example, the more gradual accumulation of deaths in the non-SU group over time may have been attributable to greater preadmission comorbidity that we were unable to take into account. However, we have adjusted for a prognostic measure of severity of disease validated for stroke when investigating outcomes. 15 In future work, we will be able to expand our registry variables through person-level linkage to other health datasets to enable our models to account for important prestroke comorbidity. 28 Another limitation is that those who were followed up were more often treated in an SU than those who were not. This response bias may explain why we did not observe differences in self-reported readmissions, recurrent stroke, and HRQoL. In addition, because death, recurrent stroke, and readmissions were relatively few within the follow-up time frame, we were likely underpowered to detect a difference in these outcomes at 90-day follow-up. Unfortunately, not all patients were able to be followed up for HRQoL data because of resource constraints. In addition, it was also not possible to adjust for the different policies for management used by hospitals to admit patients with TIA because information on this is not collected in the AuSCR. Lastly, duration of care in an SU was not recorded and therefore we were unable to investigate a dose response.
SU management was associated with reduced mortality at 180 days after admission for TIA. Given the nonrandomized study design, this finding requires confirmation. In addition, whether or not the benefit of SU care persists beyond 180 days after admission for TIA should be investigated. Furthermore, it will be important to determine the effect of SU care on other outcomes in these patients, such as the adherence to secondary prevention therapies and the frequency of future stroke and acute myocardial infarction. Linkage of the AuSCR data to hospital administrative databases will enable better assessments of subsequent cardiovascular events in these patients. 28 These findings provide evidence that supports the treatment of TIA in an SU, where admission to the hospital is warranted, as this may improve longer-term survival outcomes for patients.
